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/LVERQ7KHPHWKRGVIRFXVHGRQWKHFRQVWUXFWLRQRIDJHRFRGHGDFFLGHQWGDWDEDVHDQGRQWKHHVWLPDWLRQ
RIWKHH[SHFWHGDFFLGHQWIUHTXHQFLHVWKDWDOORZWKHLGHQWLILFDWLRQRIKD]DUGRXVVLWHV
7KLVSDSHUGHVFULEHVWKHVWHSVWKDWZHUHWDNHQWREXLOGWKHVHWZRWRROV7KHJHRFRGHGDFFLGHQWGDWDEDVH
LQFOXGHG LQMXU\ DQG3URSHUW\'DPDJH2QO\ DFFLGHQWV 3'2RFFXUUHG LQ/LVERQ IURP WR$
VNHWFKZDVDVVRFLDWHGWRHDFKDFFLGHQWDOORZLQJLGHQWLI\LQJWKHPDQHXYHUVLQYROYHG,QZKDWFRQFHUQVWKH
DFFLGHQWSUHGLFWLYHPRGHOV$30VWKH1HJDWLYH%LQRPLDOPRGHOLQJIUDPHZRUNZDVXVHG6L[WHHQW\SHV
RIPRGHOVZHUHIRUHVHHQIORZRQO\DQGPRGHOVZLWKFRYDULDWHVDSSOLHGWRDFFLGHQWVZLWKSHGHVWULDQVDQG
RWKHULQMXU\DFFLGHQWVRFFXUUHGDWLQWHUVHFWLRQVWKUHHOHJVIRXUOHJVDQGURXQGDERXWVDQGLQVHJPHQWV
7KH SDSHU LV RUJDQL]HG DV IROORZV WKH ILUVW VHFWLRQ SURYLGHV D EULHI EDFNJURXQG DERXW H[LVWLQJ
VWDWLVWLFDO PRGHOV GHYHORSHG LQ 3RUWXJDO DQG HOVHZKHUH LQ (XURSH WKH VHFRQG VHFWLRQ GHVFULEHV WKH
PHWKRGRORJ\XVHGIRUWKHFRQVWUXFWLRQRIWKHDFFLGHQWGDWDEDVHLQWKH*,6WKHWKLUGVHFWLRQSUHVHQWVWKH
FKDUDFWHULVWLFVRIWKHGDWDXVHGLQWKLVVWXG\WKHIRXUWKVHFWLRQIRFXVHVRQWKHHVWLPDWLRQRIWKH$30VWKH
ILIWKVHFWLRQVXPPDUL]HVWKHPRGHOLQJUHVXOWVDQGWKHODVWVHFWLRQSURYLGHVDVXPPDU\RIWKHVWXG\DQGRI
WKHDGYDQWDJHVRIWKHXVHRIWKHVH$30LQLQWHUYHQWLRQPHWKRGVLQWKHSODQQLQJDQGPDQDJHPHQWRIURDG
QHWZRUNV
%DFNJURXQGRQ$30
7KHGHYHORSPHQWRIDFFLGHQWSUHGLFWLRQPRGHOVLVQRWQHZLQWKHURDGVDIHW\UHVHDUFK6HYHUDODXWKRUV
DOO DURXQG WKH ZRUG KDYH SXEOLVKHG WKHLU ZRUN LQ WKLV VFRSH 6LQFH GHVLJQ VWDQGDUGV DQG RSHUDWLRQDO
FKDUDFWHULVWLFV HJ YHKLFOH VL]H HWF DUH REYLRXVO\ YHU\ GLIIHUHQW EHWZHHQ (XURSH DQG RWKHU SODFHV
DURXQGWKHZRUOGHVSHFLDOO\LQ1RUWK$PHULFDWKLVEDFNJURXQGVHFWLRQIRFXVHVRQSUHGLFWLYHPRGHOVWKDW
KDYHHVWLPDWHGDQGDSSOLHGLQ(XURSHDQFRXQWULHV
0RXQWDLQDQG)DZD]FUHDWHG$30VXVLQJGDWD IURP LQWHUVHFWLRQVZLWKGLIIHUHQW W\SHVRI
WUDIILFFRQWUROV\VWHPVLQWKH8.7KHDXWKRUVGHYHORSHGPRGHOVUHODWLQJDFFLGHQWVZLWKWUDIILFIORZVDQG
RWKHUYDULDEOHVQDPHO\PHWKRGRIFRQWUROURDGFODVVFDUULDJHZD\W\SHVLQJOHRUGXDOQXPEHURIDUPV
DQGVSHHGOLPLW7KHDXWKRUVFRQFOXGHGWKDWRQO\WKHPHWKRGRIFRQWUROKDGDVLJQLILFDQWHIIHFWRQDFFLGHQW
RFFXUUHQFHDOWKRXJKWKHEHVWILWWHGPRGHOVZHUHRQHVZLWKWUDIILFIORZDVWKHRQO\H[SODQDWRU\YDULDEOH
*UHLEHGHYHORSHG$30VIRUURDGVHJPHQWVDQGXUEDQLQWHUVHFWLRQVZLWKWKUHHRUIRXUOHJVDQG
ZLWKRUZLWKRXWWUDIILFVLJQDOVLQ'HQPDUN7KHHVWLPDWHGDFFLGHQWSUHGLFWLRQPRGHOVIRUURDGOLQNVZHUH
FDSDEOHRIGHVFULELQJPRUHWKDQRIWKHV\VWHPDWLFYDULDWLRQµSHUFHQWDJHH[SODLQHG¶YDOXHZKLOHWKH
PRGHOVIRUMXQFWLRQVKDGORZHUYDOXHV7KHVLJQLILFDQWYDULDEOHVIRXQGLQWKHVWXG\ZHUHVSHHGOLPLWURDG
ZLGWKQXPEHURIH[LWVSHUNPQXPEHURIPLQRUVLGHURDGVSHUNPSDUNLQJDQGODQGXVH
3HGHVWULDQ DFFLGHQWV DW LQWHUVHFWLRQV ZHUH PRGHOOHG E\0DKHU DQG 6XPPHUVJLOO  DQG *nUGHU
 IRU URXQGDERXWV %RWK RI WKHP XVHG PXOWLSOLFDWLYH PRGHOV ZKLFK RQO\ LQFOXGHG PRWRUL]HG
YHKLFOHVDQGSHGHVWULDQYROXPHVDVH[SODQDWRU\YDULDEOHV
7KHGHYHORSPHQW DQG DSSOLFDWLRQRI DFFLGHQW SUHGLFWLRQPRGHOV IRU YDULRXV W\SHVRI KLJKZD\ VDIHW\
DQDO\VHVLQ3RUWXJDOLVYHU\UHFHQWEXWKLJKO\MXVWLILHGDVGLVFXVVHGLQ9LHLUD*RPHVDQG&DUGRVR
,Q WKLV VWXG\ LQWHUQDWLRQDO DFFLGHQW SUHGLFWLRQPRGHOVZHUH DSSOLHG WR VRPH LQWHUVHFWLRQVRI/LVERQ WR
HYDOXDWHWKHLUDGMXVWPHQW7KHFRPSDULVRQEHWZHHQWKHREVHUYHGDFFLGHQW IUHTXHQFLHVDQGWKHHVWLPDWHG
RQHVHYLGHQFHGWKHLQDGHTXDF\RIWKHPRGHOVWRWKH3RUWXJXHVHXUEDQURDGFRQWH[WVLQFHWKHHVWLPDWHG
YDOXHVZHUHKLJKHUWKDQWKHREVHUYHGRQHV
7RIXOILOWKLVQHHG9LHLUD*RPHVGHYHORSHGPRGHOVWRHVWLPDWHWKHIUHTXHQF\RIDFFLGHQWVRQ
XUEDQ QHWZRUNV DFFRUGLQJ WR GLIIHUHQW GHVHJUHJDWLRQV DFFRUGLQJ WR WKH URDG HOHPHQW  DW LQWHUVHFWLRQV
WKUHH OHJV IRXU OHJV DQG URXQGDERXWV DQG LQ VHJPHQWV DFFRUGLQJ WR W\SH RI DFFLGHQW  DFFLGHQWV
LQYROYLQJSHGHVWULDQVDQGRWKHUYLFWLPVDQGDFFRUGLQJWRWKHLQFOXVLRQRIH[SODQDWRU\YDULDEOHVUHODWHGWR
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WKH URDG HQYLURQPHQW  VLPSOLILHG RQO\ ZLWK WKH
H[SRVXUH YDULDEOHV DQG JOREDO ZLWK DOO SRWHQWLDO
H[SODQDWRU\YDULDEOHV
*HRFRGHGDFFLGHQWGDWDEDVH
*HRFRGLQJ DFFLGHQWV RQ GLJLWDO URDG QHWZRUNV
KDVJUHDWDGYDQWDJHVIRUVDIHW\VWXGLHVQDPHO\WKH
TXLFNYLVXDOL]DWLRQRI WKHLUGLVWULEXWLRQRU WKHIDVW
JDWKHULQJ RI UHOHYDQW LQIRUPDWLRQ DFFRUGLQJ WR WKH
VSHFLILHG FULWHULD $OVR D JHRFRGHG DFFLGHQW
GDWDEDVH HQDEOHV WKH VLPXOWDQHRXV HYDOXDWLRQ RI
GLIIHUHQW W\SHV RI LQIRUPDWLRQ DFFLGHQWV URDG
FKDUDFWHULVWLFVWUDIILFRURWKHU,QWKHVFRSHRIWKLV
VWXG\ WKHJHRFRGHGDFFLGHQWGDWDEDVHZDVXVHGWR
LGHQWLI\ WKH QXPEHU RI DFFLGHQWV RFFXUUHG LQ HDFK
ORFDWLRQVHOHFWHGIRUWKHPRGHOLQJGDWDVHW
7KHPRVWGLUHFWZD\WRJHRFRGHGDQDFFLGHQWLV WRORDGWKH&DUWHVLDQ&RRUGLQDWHVRIWKHSODFHVZHUH
DFFLGHQWVRFFXUUHGGLUHFWO\LQWRD*HRJUDSKLF,QIRUPDWLRQ6\VWHP*,6+RZHYHUVLQFHWKH3RUWXJXHVH
SROLFHGLGQRWKDYHWKHHTXLSPHQWWRHQDEOHWKHFROOHFWLRQRIWKHVHFRRUGLQDWHVDQDOWHUQDWLYHSURFHGXUH
ZDVDGRSWHG
,Q 3RUWXJDOZKHQ D URDG DFFLGHQW RFFXUV WKH SROLFHZULWHV DQ DFFLGHQW UHSRUW ,Q WKH FDVH RI LQMXU\
DFFLGHQWVDVWDWLVWLFDOEXOOHWLQRIURDGDFFLGHQWLVDOVRILOOHGLQEDVHGRQWKHILUVWRQHZKLFKLVVHQWWRWKH
1DWLRQDO 5RDG 6DIHW\ $XWKRULW\ ZKLFK LV UHVSRQVLEOH IRU RUJDQL]LQJ WKH GDWDEDVH RI 3RUWXJXHVH URDG
DFFLGHQWV,QWKLVGDWDEDVHWKHILHOGZKHUHZHFDQILQGWKHLGHQWLILFDWLRQRIWKHSODFHZKHUHWKHDFFLGHQW
RFFXUUHG LV LQ PRVW FDVHV QRW ILOOHG LQ 7KLV SUHYHQWV WKH JHRUHIHUHQFLQJ DFFLGHQW RQO\ WKURXJK WKLV
VRXUFHVLQFHLWLVQRWSRVVLEOHWRLGHQWLI\WKHSUHFLVHORFDWLRQRIRFFXUUHQFH7KHUHIRUHLWZDVQHFHVVDU\WR
VHDUFKDGGLWLRQDOLQIRUPDWLRQLQWKHRULJLQDODFFLGHQWUHSRUWRQO\LQSDSHUVXSSRUW7KLVGRFXPHQWKDVD
VNHWFKRIWKHDFFLGHQWVFHQHDVZHOODVDGHVFULSWLRQRILWHOHPHQWVWKDWDOORZLQPRVWFDVHVLGHQWLI\LQJ
WKH SUHFLVH ORFDWLRQ RI WKH DFFLGHQW UHIHUUHG WR ,Q WRWDO LQIRUPDWLRQ ZDV WDNHQ IURP  DFFLGHQWV
UHSRUWV $FFLGHQW JHRFRGLQJ ZDV WKHQ SRVVLEOH E\ LGHQWLI\LQJ LQ WKH *,6 URDG QHWZRUN WKH OLQN
FRUUHVSRQGLQJWRHDFKORFDWLRQ
'DWDGHVFULSWLRQ
7KHGDWDFROOHFWHGDWLQWHUVHFWLRQVDQGURDGVHFWLRQVLQFOXGHVJHRPHWULFGHVLJQFKDUDFWHULVWLFVDFFLGHQW
GDWD DQG WUDIILF YROXPHV YHKLFOHV DQGSHGHVWULDQV)LJXUH VKRZV WKH JUDSKLFDO UHSUHVHQWDWLRQRI WKH
/LVERQURDGQHWZRUNDQGWKHORFDWLRQRIWKHLQWHUVHFWLRQVDQGVHJPHQWVFRQVLGHUHGLQWKHGDWDVHW
*LYHQ WKH FRVWV DVVRFLDWHGZLWK WKH GDWD FROOHFWLRQ WKH GDWDVHW XVHG RQ WKHPRGHOOLQJZDV VPDOOHU
SDUWLFXODUO\ LQ ZKDW FRQFHUQV DFFLGHQWV ZLWK SHGHVWULDQV LQ ZKLFK LW ZDV QRW SRVVLEOH WR XVH D WUDIILF
DVVLJQPHQWPRGHO 7KH FRXQWVZHUHPDQXDOO\PDGH FROOHFWHG LQ DZHHN GD\ ,WZDV DVVXPHG WKDW WKH
YDOXHVREWDLQHGUHSUHVHQWHGWKH$YHUDJH$QQXDO'DLO\7UDIILF$$'77KHFKDQJHVLQ$$'7RYHUWLPH
ZHUHFRQVLGHUHGWREHYHU\VPDOODQGVRWKHVDPHYDOXHRI$$'7ZDVDGRSWHGIRUDOOIRXU\HDUV

$VIRUWUDIILFIORZFRXQWVWKH\ZHUHFROOHFWHGXVLQJWKUHHGLIIHUHQWVRXUFHV
x $XWRPDWHGZLWKDV\VWHPWKDWUHFRUGVWUDIILFLPDJHVDQGWKHQSURFHVVHVLWZLWKDPRYHPHQWGHWHFWLRQ
GHYLFH
)LJ/RFDWLRQRIWKHLQWHUVHFWLRQVDQGVHJPHQWVFRQVLGHUHG
LQWKHGDWDVHW
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x 0DQXDOZLWKVHYHUDORSHUDWRUVWKDWFRXQWHGWKHLQIORZRQHDFKOHJ
x %\HVWLPDWHV0DUWLQH]GHYHORSHGDWUDIILFDVVLJQPHQWPRGHOIRU/LVERQZKLFKFRYHUHGDERXW
RIWKHURDGQHWZRUNOHQJWKDOOORFDOURDGVZHUHH[FOXGHGIURPWKHPRGHO
7KHDXWRPDWHGDQGPDQXDOFRXQWVZHUHDOVRGRQHLQDVLQJOHGD\IRUHDFKSODFH7KHVDPHVLPSOLILHG
FRQVLGHUDWLRQVZHUHWDNHQRQWKHGHILQLWLRQRI$YHUDJH$QQXDO'DLO\7UDIILF$$'77KHGDWDVHWIRUWKH
OHJJHGLQWHUVHFWLRQVLQFOXGHGORFDWLRQVIRUWKHPRGHOVUHJDUGLQJDFFLGHQWVZLWKSHGHVWULDQVDQG
IRU WKH PRGHOV UHJDUGLQJ RWKHU LQMXU\ DFFLGHQWV ,Q ZKDW FRQFHUQV  OHJJHG LQWHUVHFWLRQV WKH GDWDVHW
LQFOXGHGDQGORFDWLRQVUHVSHFWLYHO\7KHURXQGDERXWVGDWDVHWKDGWKHVDPHGLPHQVLRQIRUWKHWZR
W\SHV RI PRGHOV  DQG ILQDOO\ WKH URDG VHJPHQWV GDWDVHW LQFOXGHG  ORFDWLRQV IRU WKH PRGHOV
FRQFHUQLQJDFFLGHQWVZLWKSHGHVWULDQVDQGIRUWKHRQHVFRQFHUQLQJRWKHULQMXU\DFFLGHQWV
7RREWDLQWKHQXPEHURIDFFLGHQWVRFFXUUHGLQHDFKSODFHWKH*,6GDWDEDVHGHYHORSHGLQWKHVFRSHRI
WKLV VWXG\ ZDV XVHG 7R DFFRXQW DFFLGHQWV FODVVLILHG DV LQWHUVHFWLRQUHODWHG D UDGLXV RI P IURP WKH
FHQWUH RI WKH LQWHUVHFWLRQ ZDV FRQVLGHUHG 7DEOH  DQG  VXPPDUL]H LPSRUWDQW GDWD FKDUDFWHULVWLFV IRU
DFFLGHQWGDWDRFFXUULQJDWWKHIRXUHOHPHQWV
7DEOH6XPPDU\VWDWLVWLFVRIDFFLGHQWZLWKSHGHVWULDQ¶VGDWDVHW
5RDG
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 ±±
5RXQGDERXWV
 ±±
  ±± ±±
 ±±
5RDG
6HJPHQWV
 ±±
  ±± ±±
 ±±
7DEOH6XPPDU\VWDWLVWLFVRIWKHRWKHULQMXU\DFFLGHQW¶VGDWDVHW
5RDG
HOHPHQW <HDU
,QMXU\DFFLGHQWVH[FOXGLQJ
SHGHVWULDQDFFLGHQWV
PLQPD[WRWDO
5RDG)ORZ
0DMRU
PLQ±PD[
0LQRU
PLQ±PD[
/HJJHG
,QWHUVHFWLRQV
 ±±
  ±± ±±
 ±±
/HJJHG
,QWHUVHFWLRQV
 ±±
 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 ±±
5RXQGDERXWV
 ±±
 ±± ±±
 ±±
5RDG
6HJPHQWV
 ±±
 ±± ±±
 ±±

7KHH[SODQDWRU\YDULDEOHVEHVLGHVWUDIILFIORZLQFOXGHGLQWKHJOREDOPRGHOVZHUHGLIIHUHQWDFFRUGLQJ
WRWKHW\SHRIDFFLGHQWDQGHOHPHQW7DEOHVXPPDUL]HVWKRVHYDULDEOHV
7DEOH6XPPDU\RIWKHYDULDEOHVXVHGLQDOOWKHGDWDVHWV
9DULDEOH
$FFLGHQWVZLWK
SHGHVWULDQV 2WKHULQMXU\DFFLGHQWV
/,QW /,QW 5 6 /,QW /,QW 5 6
/HQJWK    [    [
1XPEHURIODQHVKLJKHUWKDQQR\HV        [
/DQHZLGWK        [
$YHUDJHPHGLDQZLGWK    [    [
1XPEHURIFLUFXODWLRQSDWKVRQHZD\WZRZD\V        [
&URVVLQJOHQJWK   [ [   [ 
3DUNLQJZLGWK    [    
1XPEHURIPHGLDQ    [    
3UHVHQFHRIFURVVZDON\HVQR    [    
1XPEHURIULQJODQHV RUPRUH    [    [ 
1XPEHURIOHJVRIWKHLQWHUVHFWLRQ   [    [ 
$YHUDJHFURVVLQJOHQJWK   [    [ 
/DQHEDODQFHEDODQFHGQRWEDODQFHG     [ [  
7RWDOQXPEHURIHQWHULQJODQHVRQPDMRUGLUHFWLRQ RU
PRUH\HVQR     [ [  
7RWDO QXPEHU RI HQWHULQJ ODQHV RQ PLQRU GLUHFWLRQ    RU
PRUH\HVQR     [ [  
$YHUDJHODQHZLGWKRQPDMRUGLUHFWLRQP     [ [  
0HGLDQSUHVHQFHRQRQHOHJRIPDMRUGLUHFWLRQ\HVQR     [ [  
0HGLDQSUHVHQFHRQWZROHJVRIPDMRUGLUHFWLRQ
\HVQR     [ [  
0HGLDQSUHVHQFHRQWZROHJVRIPLQRUGLUHFWLRQ\HVQR     [ [  
/HIWWXUQSUHVHQFHRQPDMRUGLUHFWLRQ\HVQR     [ [  
/HIWWXUQSUHVHQFHRQPLQRUGLUHFWLRQ\HVQR     [ [  
5LJKWWXUQSUHVHQFHRQPDMRUGLUHFWLRQ\HVQR     [ [  
5LJKWWXUQSUHVHQFHRQPLQRUGLUHFWLRQ\HVQR     [ [  
7UDIILFFRQWUROGHYLFHVLJQDOVDOORWKHUV [ [   [ [  
1XPEHURIRQHZD\OHJV     [ [  
$YHUDJHFURVVLQJZLGWKRQPDMRUGLUHFWLRQ [ [      
$YHUDJHFURVVLQJZLGWKRQPLQRUGLUHFWLRQ [ [      
$YHUDJHPHGLDQQXPEHURQPDMRUGLUHFWLRQ [ [      
$YHUDJHPHGLDQQXPEHURQPLQRUGLUHFWLRQ [ [      
1XPEHURIFURVVZDONVRQPDMRUGLUHFWLRQ [ [      
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1XPEHURIFURVVZDONVRQPDMRUGLUHFWLRQ [ [      
/,QW±7KUHHOHJJHGLQWHUVHFWLRQV/,QW±)RXUOHJJHGLQWHUVHFWLRQV5±5RXQGDERXWV6±6HJPHQWV
0HWKRGRORJ\
7KLVVHFWLRQSURYLGHVDEULHIGHVFULSWLRQRIWKHFKDUDFWHULVWLFVRIWKH1HJDWLYH%LQRPLDOPRGHOXVHGIRU
HVWLPDWLQJWKHDFFLGHQWSUHGLFWLRQPRGHOV
1HJDWLYH%LQRPLDO0RGHO
7KH 1HJDWLYH %LQRPLDO PRGHO KDV WKH IROORZLQJ PRGHOOLQJ VWUXFWXUH /RUG  WKH QXPEHU RI
DFFLGHQWV µ LW< ¶ IRU D SDUWLFXODU WKL VLWH DQG WLPH SHULRG W ZKHQ FRQGLWLRQDO RQ LWV PHDQ LWP LV 3RLVVRQ
GLVWULEXWHGDQGLQGHSHQGHQWRYHUDOOVLWHVDQGWLPHSHULRGV
a_ LWLWLW 3R< PP  L «,DQGW «7   
7KHPHDQRIWKH3RLVVRQLVVWUXFWXUHGDV
H[S LWLW H;I EP        
ZKHUH
I LVDIXQFWLRQRIWKHFRYDULDWHV;
E LVDYHFWRURIXQNQRZQFRHIILFLHQWVDQG
LWH LVWKHPRGHOHUURULQGHSHQGHQWRIDOOWKHFRYDULDWHV
:LWKWKLVFKDUDFWHULVWLFLWFDQEHVKRZQWKDW LW< FRQGLWLRQDORQ LWP DQGD LVGLVWULEXWHGDVD1HJDWLYH
%LQRPLDO UDQGRP YDULDEOH ZLWK D PHDQ LWP DQG D YDULDQFH LWLW DPP  UHVSHFWLYHO\ 7KH SUREDELOLW\
GHQVLW\ IXQFWLRQ 3') RI WKH 1HJDWLYH %LQRPLDO VWUXFWXUH GHVFULEHG DERYH LV JLYHQ E\ WKH IROORZLQJ
HTXDWLRQ
    
 
   
LW\
LW LW
LW LW
LW LWLW
\I \ \
DD PDD P P D P DD
 
 
*  § · § · ¨ ¸ ¨ ¸ * © ¹ © ¹
   
:KHUH
 LW\  UHVSRQVHYDULDEOHIRUREVHUYDWLRQ L DQGWLPHSHULRG W 
 LWP  PHDQUHVSRQVHIRUREVHUYDWLRQ L DQGWLPHSHULRG W DQG
 9 GLVSHUVLRQSDUDPHWHURIWKH1HJDWLYH%LQRPLDOGLVWULEXWLRQ
1RWH WKDW LI9ĺ WKHYDULDQFHHTXDOV WKHPHDQDQG WKLVPRGHOFRQYHUJHV WR WKH VWDQGDUG3RLVVRQ
UHJUHVVLRQPRGHO
*RRGQHVVRIILWVWDWLVWLFV
6HYHUDOPHWKRGVZHUHXVHGWRDVVHVVWKHJRRGQHVVRIILWRIWKHGHYHORSHGPRGHOV
x $NDLNH,QIRUPDWLRQ&ULWHULRQ$,&ZKLFKPHDVXUHVWKHJRRGQHVVRIILWRIDQHVWLPDWHGVWDWLVWLFDO
PRGHODQGLVGHILQHGDV$NDLNH
 S/$,& ORJ      
:KHUH / LV WKH PD[LPL]HG YDOXH RI WKH OLNHOLKRRG IXQFWLRQ IRU WKH HVWLPDWHG PRGHO DQG S LV WKH
QXPEHURISDUDPHWHUVLQWKHVWDWLVWLFDOPRGHO7KH$,&PHWKRGRORJ\DWWHPSWVWRILQGWKHPRGHOWKDW
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EHVWH[SODLQV WKHGDWDZLWKDPLQLPXPRI IUHHSDUDPHWHUV DQG WKXV LWSHQDOL]HVPRGHOVZLWKD ODUJH
QXPEHURISDUDPHWHUV7KHPRGHOZLWKWKHORZHVW$,&LVFRQVLGHUHGWREHWKHEHVWPRGHODPRQJDOO
DYDLODEOHPRGHOV
x 6XPRIPRGHOGHYLDQFHV*EHLQJWKHPRGHOZLWKWKHORZHVW* WKHRQHZLWKWKHEHVWILW,I*LV
HTXDO WR ]HUR WKH PRGHO KDV D SHUIHFW ILW ȈĳȐȜȝĮ ȉȠ ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ
ȕȡȑșȘțİ1RWHKRZHYHUWKDWEHFDXVHREVHUYHGQLLVDQLQWHJHUZKLOHWKHSUHGLFWHGH[SHFWHGYDOXHLV
FRQWLQXRXVD*HTXDOWR]HURLVDWKHRUHWLFDOORZHUERXQG7KLVVWDWLVWLFLVJLYHQDV
*  䌥
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
ZKHUHQLLVWKHREVHUYHGQXPEHUDQGȝLLVWKHH[SHFWHGQXPEHURIDFFLGHQWV
x 0HDQ$EVROXWH'HYLDWLRQ0$'ZKLFKJLYHVDPHDVXUHRIWKHDYHUDJHPDJQLWXGHRIYDULDELOLW\RI
SUHGLFWLRQ6PDOOHUYDOXHVDUHSUHIHUUHGWRODUJHUYDOXHV
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
ZKHUH\LVWKHREVHUYHGQXPEHUDQG \Ö LVWKHH[SHFWHGQXPEHURIDFFLGHQWV
x 5OLNHPHDVXUHRIILWZKLFKLVDQHTXLYDOHQWPHDVXUHWR5LQRUGLQDU\OHDVWVTXDUHVOLQHDUUHJUHVVLRQ
WKDWLVQRWDYDLODEOHIRUD3RLVVRQRU1HJDWLYH%LQRPLDOUHJUHVVLRQPRGHOVGXHWRWKHQRQOLQHDULW\RI
WKH FRQGLWLRQDO PHDQ DQG KHWHURVFHGDVWLFLW\ LQ WKH UHJUHVVLRQ %DVHG RQ VWDQGDUGL]HG UHVLGXDOV D
VLPLODUVWDWLVWLFFDQEHFDOFXODWHGZKHUHWKHUHVLGXDOVXPRIVTXDUHVIRUPVWKHQXPHUDWRUDQGWKHWRWDO
VXPRIVTXDUHVIRUPVWKHGHQRPLQDWRU:DVKLQJWRQHWDO
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
ZKHUH QL LV WKH REVHUYHG QXPEHU DQG ȝL LV WKH H[SHFWHG QXPEHU RI DFFLGHQWV ȝL LV WKH SUHGLFWHG
H[SHFWHG YDOXH DQG Q LV WKH DYHUDJH REVHUYHG QXPEHU RI DFFLGHQWV &ORVHU YDOXHV WR RQH DUH
DVVRFLDWHGZLWKEHWWHUPRGHOV
x (OYLN¶V LQGH[  (5  WKDW DOORZV WR TXDQWLI\ WKH SURSRUWLRQ RI V\VWHPDWLF YDULDWLRQ H[SODLQHG E\ WKH
PRGHO 7KHUH LV V\VWHPDWLF YDULDWLRQ LQ WKH QXPEHU RI DFFLGHQWVZKHQHYHU WKH YDULDQFH H[FHHGV WKH
PHDQPHDQLQJWKDWRYHUGLVSHUVLRQH[LVWV7KHDPRXQWRIRYHUGLVSHUVLRQFDQEHGHVFULEHGE\
9DU\ X9X
ZKHUH
\±REVHUYHGQXPEHURIDFFLGHQWV
X±DYHUDJHQXPEHURIDFFLGHQWV
9±RYHUGLVSHUVLRQSDUDPHWHU
(TXDWLRQFDQDOVREHZULWWHQDV
X
X
\9DU
Į

 

(OYLN¶VtQGH[LVFDOFXODWHGE\FRPSDULQJWKHRYHUGLVSHUVLRQSDUDPHWHULQWKHRULJLQDOGDWDVHW9
ZLWKWKHRYHUGLVSHUVLRQSDUDPHWHURIDILWWHGPRGHO9PȈĳȐȜȝĮȉȠĮȡȤİȓȠʌȡȠȑȜİȣıȘȢĲȘȢ
ĮȞĮĳȠȡȐȢįİȞȕȡȑșȘțİDQG)ULGVWU¡PHWDO
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(OYLN¶VLQGH[  
P
Į
Į 
:HOOILWWHGPRGHOVKDYH(OYLN¶VLQGH[HVFORVHUWRRQH
$QDO\VLVUHVXOWV
7KLV VHFWLRQ SUHVHQWV WKH HVWLPDWLRQ UHVXOWV RI WKH PRGHOV WKDW ZHUH GHYHORSHG IRU /LVERQ DQG LV
RUJDQL]HGE\W\SHRIDFFLGHQWDFFLGHQWZLWKSHGHVWULDQDQGRWKHULQMXU\DFFLGHQWV)RUHDFKRQHRIWKHVH
ILUVW GHVHJUHJDWLRQ OHYHO WKHPRGHOV DUH RUJDQL]HG E\ URDG HOHPHQW DQG E\ WKH QXPEHU RI H[SODQDWRU\
YDULDEOHV
$FFLGHQWVZLWKSHGHVWULDQVPRGHOV
0DLQO\GXHWRVPDOOVDPSOHVL]HVRPHSUREOHPVZHUHLGHQWLILHGLWZDVQRWSRVVLEOHWRDGMXVW$30V
IRUVHJPHQWVDQGWKHRYHUDOOILWTXDOLW\ZDVUDWKHUORZ$QRWKHUSRVVLEOHFDXVHIRUWKLVFRXOGEHWKHIDFW
WKDW URDG DFFLGHQWV KDYHPXOWLSOH FDXVHV DQG WKH RQO\ H[SODQDWRU\ YDULDEOHV XVHG DUH UHODWHGZLWK WKH
LQIUDVWUXFWXUH:LWK UHJDUG WRJOREDO$30V LWZDVQRWSRVVLEOH WR LQFOXGHYDULDEOHV UHODWHG WR WKH URDG
HQYLURQPHQWVLQFHWKHVHZHUHQRWVLJQLILFDQW
7KHIXQFWLRQDOIRUPVXVHGIRUHVWLPDWLQJDFFLGHQWVZLWKSHGHVWULDQ¶VPRGHOVDUHSUHVHQWHGLQ7DEOH
7DEOH±6XPPDU\RIWKHPRGHOVWRHVWLPDWHDFFLGHQWVZLWKSHGHVWULDQV
5RDGHOHPHQW 1XPEHURIYDULDEOHV (TXDWLRQ 0HDVXUHRIILW 9
F
OHJJHG
LQWHUVHFWLRQV
6  37)7<L uuu D 
* 1RWILWWHG  
OHJJHG
LQWHUVHFWLRQV
6  )93<L uu  E 
* 1RWILWWHG  
5RXQGDERXWV
6   )93<L uu D 
* 1RWILWWHG  
±66LPSOLILHGPRGHO**OREDOPRGHO
D±5OLNHE±(OYLN¶VLQGH[F±'LVSHUVLRQSDUDPHWHU
:KHUH
 <L  HVWLPDWHGQXPEHURIDFFLGHQWVSHU\HDU
)7  WRWDOHQWHULQJWUDIILFIORZLQYHKLFOHVSHUGD\$$'7
37  WRWDOHQWHULQJSHGHVWULDQIORZLQSHGHVWULDQVSHUGD\$$'7
 )93  )737YDULDEOHV
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7KHFRHIILFLHQWVDVVRFLDWHGZLWKWKHYDULDEOH)7ZHUHDOZD\VKLJKHUWKDQRQHDQGLQWKHFDVHRI37
DOZD\V ORZHU:KHQ )93ZDV XVHG WKH FRHIILFLHQW ZDV DOVR KLJKHU WKDQ RQH 7KLV UDQJH RI YDOXHV LV
FRQVLVWHQWZLWKUHSRUWVRIORZHUDFFLGHQWULVNLQDUHDVRIKLJKSHGHVWULDQWUDIILF
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±66LPSOLILHGPRGHO**OREDOPRGHO
D±5OLNHE±(OYLN¶VLQGH[F±'LVSHUVLRQSDUDPHWHU
:KHUH
<L   HVWLPDWHG QXPEHU RI DFFLGHQWV SHU \HDU )7  WRWDO HQWHULQJ WUDIILF IORZ LQ YHKLFOHV SHU GD\
$$'7 /%   ODQH EDODQFH /:0$-   DYHUDJH ODQH ZLGWK RQ PDMRU GLUHFWLRQ P /:0,1  
DYHUDJHODQHZLGWKRQPLQRUGLUHFWLRQP5730$- SUHVHQFHULJKWWXUQODQHVRQPDMRUGLUHFWLRQ
5730,1 SUHVHQFH ULJKW WXUQ ODQHVRQPLQRUGLUHFWLRQ7&'  WUDIILFFRQWUROGHYLFHV/0$-7 
WRWDOQXPEHURIHQWHULQJODQHVRQPDMRUGLUHFWLRQ RUPRUH1/$1(6 QXPEHURIODQHVLQERWK
GLUHFWLRQV RUPRUH/2: QXPEHURI OHJVZLWK WUDIILF LQRQO\RQHGLUHFWLRQ00$- PHGLDQ
SUHVHQFHRQPDMRUGLUHFWLRQ/(* QXPEHURIOHJVRIWKHLQWHUVHFWLRQ

)RUWKHVLPSOLILHGPRGHOVSUHVHQWHGLQ7DEOHWKHYDULDEOH)7ZDVRQHWKDWSURGXFHGWKHEHVWILWLQDOO
FDVHV,QWKHVLPSOLILHGPRGHOVDSSOLFDEOHWRLQWHUVHFWLRQVWKHFRHIILFLHQWVREWDLQHGIRUWKLVYDULDEOHZHUH
URXJKO\ WKH VDPH YDOXH DOO ZLWK SRVLWLYH VLJQ ZKLFK FRUUHVSRQGV WR DQ LQFUHDVH LQ WKH QXPEHU RI
DFFLGHQWVZLWKLQFUHDVLQJ$$'7
$VPHQWLRQHGEHIRUHLQWKHRWKHULQMXU\DFFLGHQW¶VPRGHOVLWZDVSRVVLEOHWRXVHDWUDIILFDVVLJQPHQW
PRGHOZKLFK DOORZHG WR LQFUHDVH WKH GDWDVHW2QH LPPHGLDWH DGYDQWDJH RI WKLV IDFWZDV WKH ILWWLQJ RI
VLPSOLILHGDQGJOREDOPRGHOVWRDOOWKHURDGHOHPHQWV$QRWKHUDGYDQWDJHUHODWHVWKHTXDOLW\LPSURYHPHQW
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RIILWRIWKHPRGHOVZKLFKH[SHULHQFHGDKLJKLQFUHDVH)URPWKHOLVWRIVLJQLILFDQWYDULDEOHVSUHVHQWHGLQ
7DEOHRQO\ WKHQXPEHURI OHJVZLWK WUDIILF LQRQO\RQHGLUHFWLRQ/2:DQG WKHPHGLDQSUHVHQFHRQ
PDMRUGLUHFWLRQ 00$-ZHUHDVVRFLDWHGZLWKDGHFUHDVH LQ WKHH[SHFWHGQXPEHURIDFFLGHQWV$OO WKH
RWKHUYDULDEOHVZHUHUHODWHGLQFUHDVHVLQWKHH[SHFWHGQXPEHURIDFFLGHQWV
)LQDO1RWHV
7KHSXUSRVHRIWKLVVWXG\ZDVWRGHYHORSDFFLGHQWSUHGLFWLRQPRGHOVIRUXUEDQDUHDVORFDWHGLQ/LVERQ
3RUWXJDOZKLFKZRXOGGHVFULEHWKHH[SHFWHGQXPEHURIDFFLGHQWVDVDIXQFWLRQRIDUDQJHRIH[SODQDWRU\
YDULDEOHVQDPHO\YHKLFOHVDQGSHGHVWULDQWUDIILFIORZFRXQWVDQGKLJKZD\JHRPHWULFGHVLJQIHDWXUHV
,Q RUGHU WR DFKLHYH WKLV JRDO D JHRFRGHG DFFLGHQW GDWDEDVH ZDV GHYHORSHG ZKLFK DOORZHG D IDVW
H[WUDFWLRQRIUHOHYDQWLQIRUPDWLRQRQDJHRJUDSKLFDOEDVLVVLWHVLQFOXGHGLQWKHGDWDVHW
,QZKDWFRQFHUQVWKHPRGHOOLQJWDVNWKHFRHIILFLHQWVZHUHHVWLPDWHGXVLQJWKH*/0DSSURDFKHVZLWK
WKH3RLVVRQJDPPDGLVWULEXWLRQ0RGHOVZHUHGHYHORSHGIRUGLIIHUHQWW\SHVRIGHVHJUHJDWLRQVDFFRUGLQJ
WRWKHURDGHOHPHQWDWLQWHUVHFWLRQVOHJJHGOHJJHGDQGURXQGDERXWVDQGVHJPHQWVDFFRUGLQJWRWKH
W\SHRIDFFLGHQWSHGHVWULDQDFFLGHQWVDQGRWKHULQMXU\DFFLGHQWVDQGE\W\SHDQGQXPEHURIH[SODQDWRU\
YDULDEOHV UHODWHG WR WKHURDGHQYLURQPHQW VLPSOLILHGPRGHOV RQO\ZLWK WKHYDULDEOHVRIH[SRVXUHDQG
JOREDOZLWKDOOH[SODQDWRU\YDULDEOHVPHDVXUHG
7KHPRGHOV WRHVWLPDWHDFFLGHQWVZLWKSHGHVWULDQVKDGD UHODWLYHO\ ORZ ILWWLQJTXDOLW\ DQG WKH VPDOO
VL]HRIWKHVDPSOHFRQWULEXWHGWRWKLVSUREOHP7KLVSUHYHQWHGWKHILWWLQJRIJOREDOPRGHOVDQGPRGHOVIRU
VHJPHQWV,QZKDWFRQFHUQVWKHPRGHOVWRHVWLPDWHWKHRWKHULQMXU\DFFLGHQWVWKHKLJKHUGLPHQVLRQRIWKH
GDWDVHWDOORZHGWKHILWWLQJRIPRGHOVIRUHYHU\URDGHOHPHQWDQGIRUWKHVLPSOLILHGDQGJOREDOVFHQDULRV
7KH VLJQLILFDQW H[SODQDWRU\ YDULDEOHV DVVRFLDWHG ZLWK LQFUHDVHV LQ WKH IUHTXHQF\ RI DFFLGHQWV ZHUH
WUDIILF ODQHEDODQFHDYHUDJH ODQHZLGWKRQPDMRUGLUHFWLRQDYHUDJH ODQHZLGWKRQPLQRUGLUHFWLRQ WKH
SUHVHQFHULJKWWXUQODQHVRQPDMRUGLUHFWLRQWKHSUHVHQFHULJKWWXUQODQHVRQPLQRUGLUHFWLRQWKHWUDIILF
FRQWUROGHYLFHVWKHWRWDOQXPEHURIHQWHULQJODQHVRQPDMRUGLUHFWLRQEHLQJHTXDORUKLJKHUWKDQWKUHHWKH
QXPEHU RI ODQHV LQ ERWK GLUHFWLRQV EHLQJ HTXDO RU KLJKHU WKDQ IRXU DQG WKH QXPEHU RI OHJV RI WKH
LQWHUVHFWLRQ 7KH YDULDEOHV ZKRVH VLJQDO ZDV DVVRFLDWHG ZLWK D GHFUHDVH LQ WKH IUHTXHQF\ RI DFFLGHQWV
ZHUH WKHQXPEHURI OHJVZLWK WUDIILF LQRQO\RQHGLUHFWLRQDQGWKHPHGLDQSUHVHQFHRQPDMRUGLUHFWLRQ
6HYHUDOPHWKRGVZHUHXVHGWRDVVHVVWKHJRRGQHVVRIILWRIWKHGHYHORSHGPRGHOVDOORZLQJPRUHUREXVW
FRQFOXVLRQV
7KLV VWXG\ FRQVWLWXWHV DQ LPSRUWDQW FRQWULEXWLRQ WR WKH LPSURYHPHQW RI URDG VDIHW\ LQ XUEDQ DUHDV
VLQFHZLWKLQLWVIUDPHZRUNWRROVKDYHEHHQFUHDWHGWKDWFDQEHGLUHFWO\XVHGE\URDGPDQDJHUVLQRUGHUWR
VXEVWDQWLDWHLQWHUYHQWLRQVGLUHFWHGWRWKHPLWLJDWLRQRIDFFLGHQWVLQFOXGLQJ
$FROOHFWLRQRILQIRUPDWLRQRQDFFLGHQWVLQXUEDQDUHDVDQGRQIDFWRUVUHODWHGWRURDGLQIUDVWUXFWXUH
VDIHW\ZKLFKFDQEHXVHGWRLQFUHDVHWKHNQRZOHGJHRIWKHSKHQRPHQRQWKLVFROOHFWLRQZDVRUJDQL]HGLQ
DJHRJUDSKLFLQIRUPDWLRQV\VWHP
$QH[WHQVLYHNQRZOHGJHRIWKHUHODWLRQVKLSEHWZHHQWKHIUHTXHQF\RIDFFLGHQWVLQXUEDQDUHDVDQG
WKH H[SODQDWRU\ YDULDEOHV UHODWHG WR WKH URDG HQYLURQPHQW WKURXJK DFFLGHQW SUHGLFWLRQ PRGHOV
GHVHJUHJDWHGE\W\SHRIXVHUZKLFKH[SOLFLWO\LQFOXGHPRWRUL]HGDQGSHGHVWULDQWUDIILF
7KHIXWXUHGHYHORSPHQWVRIWKLVZRUNVKRXOGIRFXVRQWKHLQFOXVLRQRIDGGLWLRQDOH[SODQDWRU\YDULDEOHV
UHODWHGWRWKHURDGHQYLURQPHQWDQGWKHLPSURYHPHQWRIGDWDDYDLODELOLW\LQRUGHUWRLQFUHDVHWKHVDPSOH
VL]HZKLFKZRXOG DOORZ WR LPSURYH WKHPRGHOV SUHGLFWLYH FKDUDFWHU 7KH DGHTXDF\ RI RWKHU VWDWLVWLFDO
GLVWULEXWLRQVVXFKDVWKH3RLVVRQORJQRUPDO&RQZD\0D[ZHOO3RLVVRQ*DPPDWRWKHGDWDFROOHFWHGLQ
WKLVZRUNVKRXOGDOVREHWHVWHG
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